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In this article the future of sustainable urbanism is discussed. In current times a complex of uncertainties demands 
sustainable environments. Three uncertainties are distinguished. Firstly, the city needs to deal with uncertain devel-
opments, such as the impacts of climate change. Secondly, urban environments are the place where deliberate 
uncertainties, such as the generation of renewable energy and other sustainability transitions must find a place. The 
third form of uncertainty is the increased exposure of urban populations to the impacts of a spectrum of uncertain 
developments, climate impacts. This ‘Triple-U problem’ urges the design of urban areas to be sustainable. Sustainabil-
ity has long been a part of urbanism, however, in completely different ways in different periods in history. When learn-
ing from the past, the analysis of sustainable urbanism in seven periods brings key elements to the fore. Sustainable 
urbanism has evolved, but key characteristics of each period may and can still be used to design sustainable cities. 
Based on these characteristics two strategies, and a potential third one, are identified: to fix the future, to indulge the 
future, and to create anti-fragile urban environments. Where fixing the future implies the reparation of environmental 
qualities and closing environmental flows within the urban boundaries, indulging the future focuses on the creation 
of sufficient space to accommodate the possible spatial impacts of unprecedented events and change. Anti-fragility 
supports the city in raising its resilience under threat of uncertain impacts. The article ends with a proposed renewed 
definition of sustainable urbanism.
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Background
Since the ‘Brundtland report’ (World Commission on 
Environment and Development 1987) sustainable devel-
opment is a main goal for many sectors in urban pol-
icy-making. This has also impacted the practices and 
theories of urbanism. Over the years, this led to many 
frameworks, concepts and planning principles. One 
often noticed outcome of this goal is the Freiburg Charter 
(Daseking et al. 2012), in which the principles are defined 
in three groups: spatial development, content and pro-
cess. These principles provide guidelines on how a sus-
tainable city can be developed.
Sustainable urbanism is defined as “walkable and tran-
sit-served urbanism integrated with high performance 
buildings and high-performance infrastructure” (Farr 
2007). A more broad definition is: “the application of sus-
tainability and resilient principles to the design, planning, 
and administration/operation of cities” (Sharifi 2016). 
Compactness (density) and biophilia (human access to 
nature) are considered as the core values of sustainable 
urbanism (Adhya et al. 2011). Others question compact-
ness as being really sustainable (Daneshpour and Shaki-
bamanesh 2011; Neuman 2005). In practice, the ten 
leaders in urban sustainability each have their own the-
matic focus area: transport in Bogota, energy in Mel-
bourne, air quality in Mexico City and so on (Schwartz 
2013). Hence the main focus of sustainable urbanism lies 
on the design of urban environments and aims to imple-
ment sustainable solutions through these designs. The 
leading cities however show strong preference for certain 
themes.
In order to become sustainable cities need to adopt a 
new approach to planning the city. In the World Cities 
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Report (UN Habitat 2016) this is described as the city 
that plans in contrast to the planned city. The ‘city that 
plans’ uses integrated and multi-sectored planning 
approaches, takes into account local circumstances and 
involves diverse populations including women, plans are 
prepared at different geographical scales and across polit-
ical boundaries, and improves the education for planners, 
especially in developing countries. A city that plans not 
only projects the future from past trends, it also brings 
the public, private and third sectors together with com-
munities to build a collectively preferred future. These 
aspects of planning don’t seem ground-breaking, but in 
many cities they are not applied. The following principles 
are defined to support implementation: promote sustain-
able development, achieve integrated planning, integrate 
plans with budgets, plan with partners and stakeholders, 
meet the subsidiarity principle, promote market respon-
siveness, ensure access to land, develop appropriate plan-
ning tools, be pro-poor and inclusive, and recognize 
cultural diversity (Farmer et  al. 2006). The New Urban 
Agenda aims to harness the potential of cities and human 
settlements to help eradicate poverty in all its forms 
and dimensions, reduce inequalities, promote inclusive 
growth, and achieve sustainable development (Habitat 
III 2016). Hence it provides a new global framework to 
develop sustainable cities. One of the principles defined 
is to ‘transform the way we plan, develop, govern and 
manage cities and human settlements, recognizing sus-
tainable urban development as an essential instrument to 
achieve prosperity for all and sustainable development’.
In this article firstly the problem with current policy-
making in the field of sustainable urbanism will be exam-
ined. Secondly, sustainable urbanism is looked at from 
a historic perspective, the development of this field is 
analysed and gaps and threats for developing sustainable 
cities in the future are identified. This article ends with a 
suggested new definition of sustainable urbanism, which 
resembles future requirements.
Problem: ‘triple U’
In the introduction many initiatives, frameworks, policy 
documents are mentioned, which all aim to make cit-
ies more sustainable. Besides the ones mentioned above 
there are many more. Still, the majority of these frame-
works are somewhat problematic, because they focus on 
intervening in planning, policy-making and decision-
making at a certain moment in time. Given the known 
facts, the city should take measures to increase the level 
of sustainability. This leads, at its best, to a sustainable 
city in a given year: when the measures come into effect.
In the meantime, many aspects that influence life on 
earth, and especially in cities, are changing, surprise us 
and are unprecedented. In these frameworks there’s only 
limited awareness that uncertainties will impact cities 
more than these planning frameworks can deal with. We 
distinguish three types of uncertainty:
  • Uncertain developments Many developments them-
selves are uncertain. Especially topics such as climate 
change, but also migration and technological devel-
opments are wicked problems (Rittel and Webber 
1973; VROM-raad 2007; Commonwealth of Australia 
2007) and hard to predict.
  • Enforced uncertainties Several sustainability transi-
tions, such as the transition towards a green econ-
omy (Allen and Clouth 2012) or a low-carbon energy 
supply (Foxon et  al. 2010; Bulkeley et  al. 2010) are 
deliberately enforced, which change the system. In 
order to accommodate these transitions the city itself 
needs to transform.
  • Exposure to uncertainties The urbanisation of global 
population continues (UN 2008) and most of the 
cities worldwide are located in vulnerable locations 
(Kreimer et  al. 2003) hence the number of people 
that will have to deal with these uncertainties is rap-
idly increasing.
When these uncertainties are combined a triple 
uncertainty (‘triple U’) emerges: uncertain develop-
ments  +  deliberate transitions  +  increase of urban 
population. Moreover, not only are cities located at vul-
nerable places, they are also the places where all these 
uncertainties collide. And, in order to stay the place 
where the majority of global people live, the city should 
be developed in a sustainable way. The combinations of 
uncertainties cause a complexity, which gives reason to 
redefine the concept of sustainable urbanism. Before we 
do, we look at the evolution of this concept over time.
Evolution of sustainable urbanism
Looking back in time, sustainability has not always been 
a central theme in urbanism. The famous image of the 
architect eating the landscape, by Malcolm Wells, illus-
trates the way urbanism was seen for a long time: as a 
destroyer of natural values. Girardet (1996) was one of 
the first to acknowledge the importance of an integrated 
approach to developing cities in a sustainable way. He 
connected themes such as looking at cities as ecosystems, 
the footprint of cities, urban heat islands, and others with 
urban design schools, such as the garden city movement 
(Howard 1902), the modern city of Le Corbusier (Cohen 
and Benton 2008), Frank Lloyd Wright’s Broadacre city 
(Wise 2013) and megacities in general (Nicholls 1995; 
Donatiello 2015). His pledge for convivial cities the role 
of citizens and the local scale and the attention for health, 
greening the city, renewable energy and recycling, and 
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sustainable forms of mobility, are still relevant. Since 
then many perspectives, visions and conceptual practices 
have been developed, each of them taking sustainability 
into account in planning and designing cities in one way 
or another.
Seven distinctive periods show how the concept of sus-
tainability has evolved over time.
Aesthetics
For a long time men dominated nature and aesthetic 
rules determined the design of cities, buildings and gar-
dens. Geometry and symmetry were important tools 
for design, through which the environments of man 
and nature could be separated. Landscapes were mostly 
arranged according to strict rules. The Italian landscape 
architects, such as illustrated by looking at the Villa 
d’Este, Tivoli (Lazzaro 1990) and architects, such as Vit-
ruvius (Vitruvii 1480) and Palladio (Wundram and Pape 
1988) represented the attention for beauty as an impor-
tant factor of sustainability in this period. Vitruvius 
described what the key values for a good architectural or 
urban design should be: firmitas, utilitas and venustas—
that is, it must be solid, useful, beautiful (Kriens et  al. 
2008).
Beautiful (venustas) is the value of how something is 
experienced: ‘A measure for the experiential function. (…) 
beauty, when the appearance of the work is pleasing and 
in good taste, and when its members are in due proportion 
according to correct principles of symmetry’.
Solid (firmitas) describes the future value. This ‘regards 
the degree to which use and experiential values are future-
directed. (…) Durability will be assured when foundations 
are carried down to the solid ground and materials wisely 
and liberally selected’.
Useful (utilitas) is a value that is’ a measure for the 
use function, and as such depends on the perspective one 
takes. The use value of spatial objects depends on the 
urban system they are part of. (…) convenience, when the 
arrangement of the apartments is faultless and presents 
no hindrance to use, and when each class of building is 
assigned to its suitable and appropriate exposure’.
Later, these values have been redefined for designing 
and planning the landscape (Ministerie van Landbouw, 
Natuur en Visserij 1992). A landscape (or a city for that 
matter) should be:
  • Aesthetically valuable (experience the origins, poten-
tial for orientation, beauty).
  • Ecologically valuable (de amount of variation, coher-
ence and environmental quality).
  • Economically valuable (a just and sustainable eco-
nomic-utility basis for different land-uses).
Urban sustainability is defined as a multi-layered con-
cept and aesthetics is equally important as economic 
viability or ecological value, not more or less important. 
Sustainability is not similar to environmental quality. A 
high environmental quality only does not guarantee a 
high sustainability. Similarly, an urban environment with 
a high environmental quality or a high economic value, 
but without beauty is also not sustainable.
Rationalism
In a second period sustainable urbanism is characterised 
by the assumption that knowledge is the crucial driver 
in design and that knowledge will implicitly lead to solu-
tions. An expert planner or the designer ‘who knows it 
all’ (Gunder 2011) is required to translate this knowledge 
into functional urban environments. The shape of the 
city follows the land use, or ‘form follows function’ (Sul-
livan 1896), and engineers play an important role in the 
final outcome of the design process. The design is to be a 
measurable outcome of functional ingredients and neces-
sities. This has led to, for instance in the Netherlands, 
rationally and artificially designed landscapes, such as the 
Noordoostpolder area (Fig. 1), and urban designs, such as 
Pendrecht in Rotterdam, that were inspired by Mondri-
ans and Van Doesburgs artworks, such as the paintings 
‘Composition with Yellow, Blue, and Red’ (Mondrian) 
and ‘Composition VII, the three graces’ (Van Doesburg). 
An almost literal use of ‘the Rhythm of a Russian Dance’, 
painted by van Doesburg in 1918, led to Van den Broek 
and Bakema’s design for the Alexanderpolder neighbour-
hood in Rotterdam.
Fig. 1 Layout of the Noordoostpolder design. Source: https://beeld-
bank.rws.nl, Rijkswaterstaat/Afdeling Multimedia Rijkswaterstaat
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This orderly way of thinking implies that there is a clear 
distinction between city and countryside. The rational 
program of the city differs radically from the program in 
its surrounding landscape. In all areas rationalism trans-
lates a quantitative program into designs. In this context 
sustainability presents itself as a quantifiable aspect by 
introducing all kinds of standards and regulations, such 
as for clean water, air and soil.
Conceptualism
In this third period the design of concepts, or concepts 
inspiring designs, is at the core. Ecological understand-
ing of the water system, the soil and nature becomes 
important as the directing force of these concepts. This 
is reflected in concepts that use layers to analyse the dif-
ferent spatial elements. Based on the work of McHarg 
(1969), this ‘layer-approach’ is widely used in the Neth-
erlands (Van Schaick and Klaasen 2011). This analyti-
cal instrument distinguishes an abiotic, a biotic and 
an anthropogenic layer, which, integrated, shape the 
landscape. This concept is also used in policy-making 
and planning. Since 2001 the Dutch national govern-
ment uses the approach to identify planning opportu-
nities, using slightly different layers: subsoil, networks 
and occupation. It assumes the occupation patterns are 
nested in the infrastructure networks, which, in turn are 
embedded in the substrate system (Priemus 2007). The 
layers aim to separate different dynamics of use. Where 
the subsoil is seen as changing extremely slowly, and the 
networks change at a moderate pace, the occupation pat-
terns can change relatively rapidly. Based on this thinking 
the casco-concept was developed, a spatial manifesta-
tion of how different spatial dynamics are separated (Sij-
mons 1992). The lower dynamics in the landscape, such 
as nature and water form the casco, within which higher 
dynamic uses, such as agriculture, find their space. For 
urban areas a similar concept is developed. The two net-
works strategy links higher dynamic uses (traffic, indus-
tries, intensive forms of agriculture) to the transportation 
network and the lower dynamic uses (nature, green, 
water, residential) and to the water network (Tjallingii 
1995, 2015; Fig.  2). These types of concepts are used to 
design urban and rural plans and to locate the different 
land-uses.
Negotiatism
In this period sustainability is seen as a negotiable aspect. 
In order to make sustainable development discussable, 
different ambitions are defined, which can be negotiated 
during the planning process. Once a certain ambition 
is set, it is easy to check whether the plan has delivered 
the expected level of sustainability. New methods are 
developed to target sustainability ambitions, such as the 
DCBA-method (Teeuw 2010), in which for every aspect, 
ecology, water, green, traffic, materials etc. requirements 
are set for level A to D which are aimed to be realised in 
the plan. Often this method is welcomed by politicians, 
who would like to choose a certain level, show their 
ambitions and in hindsight can be accountable. At a later 
stage this thinking formed the basis for many checklists 
and building codes, such as LEED or BREEAM. Sustain-
ability is seen as an external factor to the planning pro-
cess, which has to be pushed forward and legitimised 
by a standard, which can easily be encapsulated in the 
planning or design of a building or (part of ) a city. This 
type of external integration was very useful when sustain-
ability still needed to claim its spot in spatial and urban 
developments. It enabled communities to discuss their 
desired level of sustainability.
Where this firstly led to large conversation sessions 
without a lot of designing, over time it evolved into more 
advanced participatory planning processes, in which 
engaged citizens could discuss the sustainability of their 
direct environment (Roggema et  al. 2014a, b). In these 
sessions the wisdom of the crowd (Surowiecki 2004) is 
Fig. 2 Two networks strategy (Tjallingii 1995)
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used to identify future strategies for a sustainable spatial 
development.
Recently a development of co-creation (Sand-
ers and Stappers 2008) becomes visible, in which 
citizens, together with governments and industries col-
laborate in problem identification, design of solutions 
and realisation.
Systemism
In this period the city, and its surroundings are seen as an 
ecosystem (Tomásek 1979). In this concept resources can 
enter the system and rest-flows are exhausted. The system 
itself is capable of regulating in- and outgoing resource 
flows and the processes of using, reusing and transforming 
these resources. When the layer approach is combined with 
this systems thinking a comprehensive model for urban 
environmental design (Kristinsson 2012) emerges (Fig. 3). 
Within the system networks are taken as the basis for 
design. The degree to which the system is able to deal with 
the flows, or networks, of traffic, water, energy and materi-
als, determines the level of sustainability of the system.
Starting from the premise of the city as a system, sus-
tainable urbanism aims to close the loop by eliminating 
environmental impact of urban development by provid-
ing all resources locally. It looks at the full life cycle of 
the products to make sure that everything is made sus-
tainably, and sustainable urbanism also brings things like 
electricity and food production into the city. This means 
that literally everything that the town or city needs is 
right there making it truly self-sufficient and sustainable. 
Green urbanism delivers a conceptual model for zero-
emission and zero-waste urban design (Lehmann 2010). 
This urban metabolism (Wolman 1965; Newman 1999; 
Kennedy et  al. 2007; Kennedy et  al. 2010; Shafiea et  al. 
2013) describes the city in flows and aims to reduce the 
use of resources, to process them as efficiently as pos-
sible and to reduce the waste flows. Hence, when the 
city is able to close the cycles within its boundaries, a 
sustainable situation is achieved. However, when think-
ing in terms of systems, the boundaries of a city become 
fuzzy, a Zwischenstadt (in between city) emerges (Siev-
erts 1997) and the countryside and the city become one 
(Timmermans et  al. 2015). The land use is determined 
by negotiation, interests of particular parties and land 
prices and to a lesser extent by planning. An urban tap-
estry evolves (Heynen 1990), in which several land uses 
are spread over the area seemingly illogically. However, 
looking at it from the perspective of the underlying sys-
tems the location of things is actually very logical: the 
city evolved from a clear city centre, hosting all services, 
via a compact city, with services as closely as possible to 
the centre to a city of flows, connected through networks 
with specialised places for specific services.
To get a grip on developments the design of cities leans 
on the understanding of networks and flows. The design 
of the city is then based on ways in which depletion of 
resources and production of waste are reduced and in 
which resources can be reused and recycled within the 
city (Fig. 4). Several studies within the Urban by Nature 
Biennale (Brugmans and Strien 2014) have shown how to 
design the flows in a city, such as the study for Rotterdam 
has revealed (Tillie et al. 2014).
Emergism
Directly linked to systemism, the period of emergism 
focuses on the adaptive capacities of complex systems. 
Complexity theory (Prigogine and Stengers 1984; Mitchell 
Waldrop 1992; Kauffman 1993, 1995; Cohen and Stewart 
Fig. 3 The environmental urban model (Kristinsson 2012)
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1994) is taken as the input for the design of cities (Portu-
gali 2000; Roggema 2012a). Understanding the adaptive 
capacity of systems helps to plan for cities that are more 
resilient. Self-organisation and emergence are key con-
cepts and are used to design interventions in the system 
to achieve certain changes. These concepts are common 
in nature and can be used in designing future cities and 
landscapes that are more adaptable (Waterman 2010). The 
design for a climate proof Groningen (Roggema 2009) or 
the plans for the Sand Engine (Stive et al. 2013), both in the 
Netherlands, are good examples of building with nature.
In several urban and community contexts self-organ-
ising groups and organisations plan for their own envi-
ronments outside the governmental, political arena and 
herewith create a disordered order of spaces that are 
‘becoming’ (Newman 2011). Sometimes this self-organ-
ising power occurs in well-organised planning processes, 
as has been demonstrated in several design charrettes 
(Roggema et al. 2013; Roggema 2012b), but it can also be 
ignited in anarchistic ways of planning, like it happened 
at Tahrir-square in Cairo, Egypt (Roggema 2012c).
In this context the planner/designer acts as a facilitator 
of the process of change, intervening at specific places or 
times to initiate a change in the system. For instance, eco-
acupuncture (Ryan 2013) aims to design multiple small 
interventions in an existing urban precinct to change the 
community’s ideas of what is permissible, desirable and 
possible and provide transformation points for a new 
trajectory of development (Ryan et  al. 2013). Similarly, 
Swarm Planning (Roggema 2012a) proposes a methodol-
ogy to design landscapes for unexpected climate impacts 
through simple interventions, which direct the spatial 
system to become more resilient. In order to apply these 
principles physical elements in the city or the landscape 
need to be made moveable (Roggema 2014) and able to 
respond to different paces of change that might occur in 
the city: fast, slow or sudden (Roggema 2015). In order 
to adapt to new circumstances urban systems need to 
become agile (Russell 2011). The examples of water-
squares in Rotterdam (Urbanisten 2013) and Copenha-
gen (Perry 2016) illustrate this increase in agility, as these 
squares change from a playground into a leisure pond or 
water basin in case of heavy rainfall.
Anti‑fragilism
Rather than responding to change, urban sustainabil-
ity could also be enhanced by creating urban environ-
ments that hold the capability to become stronger as 
result of responding to unprecedented future events. 
A system then is not only able to respond to changes in 
an agile way, but more than this, it is able to use these 
responses to make itself stronger and more capable of 
dealing with unexpected changes in the future. This con-
cept is called anti-fragility (Taleb 2012) and it has not 
Fig. 4 Urban metabolism model. Source: Dirk Sijmons/Jutta Raith, H + N + S Landschapsarchitecten, IABR–2014 Urban by Nature
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been used in urban design yet. However, this concept 
offers new insights in how urban environments could 
be treated in uncertain times. If the city could create a 
stronger flood defence by itself once a flood occurs, the 
city would be more safe than in the situation where the 
flood defence was built beforehand, but turns out not 
to meet the strength required. In hindsight the design 
for Hafencity in Hamburg (HafenCity Hamburg GmbH 
2006), Germany is an example of an anti-fragile design. 
This area, under influence of periodical high water lev-
els in the Elbe, is made capable of ‘flipping’ to a second 
ground level at the moment the water reaches higher lev-
els. The lower levels in the area are prepared to overflow, 
and houses, parkings and other uses at the lower ground 
level can be hermetically closed off until the water level 
drops. This way the entire city becomes independent of 
rising water levels; it even becomes a stronger and more 
resilient environment than without the design solutions. 
In a regular design the Hafencity area would be closed 
off by a levee to protect the precinct behind it, creating 
a vulnerable, fragile situation, because in the instance the 
protection fails, the consequential damage is huge.
Anti-fragilism is no common approach yet. However, 
the current combination of increasing uncertainties and 
unalterable cityscapes means the risk of a growing num-
ber of places being under threat is rising. Therefore it is 
necessary to acknowledge the potential upcoming of a 
new wave in sustainable urbanism, and start research and 
practical applications in design projects.
Linking concepts
The concepts and approaches of sustainable urbanism 
shift over time (Fig. 5), with each concept and approach 
fitting the timeframe during which it was developed and 
used. Many of the concepts overlap and relics can be wit-
nessed until today.
When the concepts are connected to each other and 
the strengths of each period are taken and integrated 
into sustainable urbanism, a new perspective emerges. 
The key qualities of each of the periods mentioned 
above are linked (Fig.  6), illuminating the integrated 
strength of sustainable urbanism. This constructed and 
comprehensive set of properties can be used for sus-
tainable urban designs. Many current urban designs 
predominantly focus on one sustainability issue or 
approach. Therefore the set of capabilities can provide 
an integrated sustainable perspective on urban develop-
ment, notwithstanding other important factors in city 
design, such as land values, programmatic aspects and 
others.
Two strategies for sustainable urbanism
In order to tackle the triple uncertainties two strategies 
will be distinguished here: the first is to fix the future 
and the second is to indulge the future. A third strat-
egy, which seems to hold promises for the future, will 
be touched on here: anti-fragility. A more elaborate dis-
cussion of this strategy would require more elaborated 
research and is beyond the scope of this paper.
Fig. 5 Shifting concepts over time
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Fixing the future
The strategy to fix the future aims to increase the envi-
ronmental resilience of the urban environment. The 
future is repaired, even before it is lost. Through the 
application of urban design principles the loss of biodi-
versity, resources and environmental quality is limited 
and compensated for. In and around the city ecological 
water and green systems are implemented and renewable 
energy sources are cultivated or generated. The mobility 
is minimised and sustainable modes of transportation 
are implemented. In and around the urban settlements a 
range of food production is planned to provide the urban 
population with fresh, naturally produced crops.
The resources used and also the waste produced during 
processing and use in the city are minimised. An analysis 
of the diverse flows, which come into the city, are pro-
cessed and re-used or put through the city and then leave 
the city again, gives insights in the amount and size of 
spaces required for these flows to be accommodated and 
treated, processed or distributed. This analysis and these 
insights, in combination with existing green and water 
spaces, forms the input and condition for designing a 
sustainable city.
There are many examples already of these so-called 
eco-cities or eco-villages designed and realised around 
the world, such as Morra Park in Drachten (Beatley 2000; 
Kristinsson 2012), Westerpark in Breda (Gemeente Breda 
1993), EVA-Lanxmeer in Culemborg (Van Timmeren 
2006; Van Timmeren et al. 2007), all in the Netherlands, 
Freiburg in Germany (Freytag et al. 2014), Hammarby in 
Sweden (Pandis Iverot and Brandt 2011), Tianjin in China 
(Caprotti et al. 2015), the BedZED eco-village in London 
(Chance 2009), Matavenero in Spain (Drury 2015) and 
many others.
The mainstream definition of sustainable urbanism is 
along these lines of thinking: repairing the harm done 
to the natural system, recycle and reuse resources, and 
clean waste.
When the urban system is designed to foster sustain-
ability in this way, new uncertain developments, such 
as the impacts of climate change, are hard to incorpo-
rate. When abundance of space is created for regenera-
tion functions, green and water, urban agriculture and 
other ‘environmental’ functions, the chance is bigger this 
will satisfy the needs of unexpected changes. However, 
because these changes are inherently uncertain, the avail-
able space might be in the wrong place. In fact this may 
lead to an unsustainable situation in the future and adap-
tive urban management (Birkmann et  al. 2010; Searns 
1995; Gilmour et al. 1999) is required.
Enforced uncertainties are in principle easy to plan for. 
These new uses require space in urban areas, but if these 
transitions link up with sustainability principles, they are 
able to co-exist in the same areas. An example of this is 
the situation where windmills are combined with natural 
wetlands.
Locating new urban developments in vulnerable areas 
increases the exposure to uncertainties, hence this is not 
recommended as these spaces are required for creat-
ing the space to implement sustainability principles. For 
instance, building in the coastal zone minimises biodiver-
sity, leaves less space for regeneration of the natural sys-
tem (cleaning the water, etc.) and exposes more housing 
to the risk of flooding. This could be arranged through 
strict regional planning, but in practice this is often 
either not possible or planning directives are too weak to 
prevent urban occupation of these areas.
Indulging the future
The strategy of indulging the future aims to increase the 
spatial resilience in the city. In accommodating change 
urban form should be flexible and adaptable. Rather 
than creating fixed patterns, urban forms are allowed 
to emerge, the shape depending on external factors and 
change. For the urban environment to be open to change 
a systems approach is helpful. Complex, self-organising, 
adaptive systems, as cities are seen (Andersson 2012; 
Ikeda 2004; Bettencourt 2013, 2015; Batty 2013; Por-
tugali 2000; Webster and Lai 2003; Roggema 2012a; De 
Roo et  al. 2012; Portugali et  al. 2012), have the capabil-
ity to adapt to change. Self-organisation of the city, or the 
society of the city can be ‘planned’ by setting rules about 
the relation between built elements, being buildings, 
linear elements or district elements. These urban codes 
Fig. 6 The strengths of sustainable urbanism
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regulate how these elements relate to each other, inform-
ing planning in a qualitative way (Alfasi and Portugali 
2007). Urban coding will generate an indirect order, e.g. 
a nomocratic approach), by creating a stable and simple 
set of abstract and general relational rules, which enable 
society itself to be highly flexible. Leaving options open 
for society. The problem of complexity and intrinsic 
unpredictability requires a radical overhaul of the tools 
used to regulate land-use—particularly by exploring the 
idea of shifting the emphasis to framework instruments, 
such as urban codes (Moroni 2015). Swarm planning 
(Roggema 2012a) suggests such a framework for dynamic 
environments, in which different paces of change are 
accommodated by different layers of planning, and 
planning starts with the biggest uncertainty or threat in 
mind. The impact of an intervention dealing with this 
uncertainty, creates a potential tipping point, which in 
turn regulates the spatial configuration of the future as 
it subsequently will be filled with spatial additions, and 
built elements by society. Moreover, when built elements 
of which the city is comprised become dismantable, the 
urban codes can be reinterpreted and the city may self-
organise into new, best-fitting configurations. In order 
for this to happen, spaces, and also physical elements, 
have to be able to change over sometimes very short time 
periods. Open spaces and structures in the city, such as 
the green network, should be designed in such a way that 
they can expand and shrink in size or change land use 
whenever necessary (Roggema 2014). This is a new task 
for urbanism.
The strategy of indulging the future is very well 
equipped to deal with uncertain developments, as the 
designed system encapsulates the potential to anticipate 
and increase resilience when an unprecedented event 
occurs, for instance when the capacity, flexibility and 
agility of the urban system are increased, through cre-
ating spaces for temporary land use, or ‘unused’ open 
spaces.
Enforced uncertainties can be incorporated in the 
design, but these tend to fix certain uses for certain areas. 
For instance, once an area is in use for biomass pro-
duction, it is difficult to temporarily change the use to 
accommodate a flood in the same area. The biomass har-
vest will fail.
Using the strategy to indulge the future, new, unused or 
temporary spaces will be created to accommodate sud-
den changes. When this is part of the regional design new 
urban areas will hardly be exposed to uncertainties. For 
instance, if an area is created along the coast for a sud-
den flood, this area will not be occupied by urban exten-
sions and water could enter this place without destroying 
inhabited areas. However, if urban areas expand organi-
cally and anarchically, it is hard to keep areas free of 
occupation hence exposure of urban precincts to risks 
might increase.
When the two strategies are linked to the different 
forms of uncertainty (Table 1) it shows that neither of the 
two strategies is completely satisfactory. Hence, in order 
to truly design urban areas sustainably both strategies are 
required in conjunction.
A potential third strategy: anti‑fragility
Besides fixing or indulging the future, there could be 
a third strategy to deal with the three forms of uncer-
tainty. When a city not only fixes sustainability problems 
or transforms uncertainties to its advantage, but could 
also grow in strength and resilience when the impacts 
of an unprecedented event hit the city. This strategy of 
anti-fragility is creating places in the city where, once an 
unexpected change occurs, its responses to the change 
actually increase its resilience for the future. This concept 
is relatively new and requires more experimentation in 
design for the city, but looks like a promising strategy in 
supporting the city not only to bounce back after a sud-
den change or disaster has occurred, but also to ‘bounce 
forward’: to turn the negative impact into growing resil-
ience at the same time.
Redefining sustainable urbanism
The approach to developing sustainable urban areas 
needs to consist of the two, and maybe three strategies 
mentioned before. It should accommodate both the need 
for regeneration of vital functions within the urban realm 
and, in parallel, the creation of enough flexibility in order 
to accommodate sudden changes of land use. Addition-
ally it should create its urban environments in a way that 
makes them more resilient when something unexpected 
occurs. This triple-layered search for the sustainable 
and resilient city leads to a redefinition of sustainable 
urbanism:
“Design a sustainable urban system, which creates 
physical and mental space to adjust the urban form at any 
moment in time, anticipates uncertain, unexpected and 
unprecedented change, and grows stronger and becomes 
more resilient when uncertainty impacts on it”.
This implies that in the city open spaces need to be cre-
ated, which are not determined for one single use, where 
Table 1 Potential of the two strategies to deal with the dif-
ferent uncertainties
Fix the future Indulge the future
Uncertain developments − ++
Enforced uncertainties + −
Exposure to uncertainties o +
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adjustments over time are possible and flexibility in land 
use can be easily and instantly achieved. Urban areas should 
be able to not only change function, but also change shape, 
acting as a breathing organism. Sometimes the city inhales 
people, when population grows, and sometimes it exhausts 
them, in times of shrinkage. Similarly the city sometimes 
inhales water, in periods of heavy rain or a sudden flood, 
before slowly exhausting the water again. For many func-
tions the city operates as a sponge, taking up and getting 
rid of materials, flows and organisms. In the urban design 
this requires the creation of spaces that are adjustable. At 
least 30 % of the territory should be available for temporary 
use or able to change its use rapidly (Roggema 2012a, b, c; 
Roggema and Broess 2014a, b).
The following principles for urban design can be 
formulated:
  • Allow for and regulate or code spaces for new, tem-
porary or sudden use;
  • Invent and design spaces that make the city stronger 
in case of a disaster;
  • Create enough space for green, water, regeneration, 
both for people as the ecosystem;
  • Allow for spaces where human and ecological 
demands for clean air, soil, water, sufficient food and 
energy and places to stay and live are integrated;
  • Arrange the spaces and places such that cycles of 
materials, water, energy, food and mobility can be 
closed.
Conclusion
In this article sustainable urbanism is positioned as an 
approach to deal with different types of future uncer-
tainty. The analysis of several periods highlighted the key 
elements of sustainable urbanism in the past. Together 
these characteristics can be used to develop sustainable 
urban areas from two perspectives and eventually lead to 
a redefinition of sustainable urbanism.
It can be concluded that the approach to create more 
sustainable cities is evolving and depends on the time-
frame that is considered. Learning form each of the peri-
ods, the strengths can be combined and lead to a strong 
set of key elements for sustainable urbanism. This set can 
be applied in any urban design task.
Dealing with different forms of uncertainty, two per-
spectives on creating a sustainable city prove to be fruit-
ful: firstly, increasing the regeneration function of cities, 
improving its environmental qualities and optimising 
urban metabolism, and secondly creating more space 
for unprecedented events, by which the city will become 
more adaptable to sudden change. To be adaptable it is 
necessary to think in the order of 30 % of the total terri-
tory kept free of fixed uses.
Further research is required on how to integrate the 
two strategies in design propositions and include the 
potential third strategy of anti-fragility. Despite the fact 
that these strategies aim to increase sustainability in the 
city, the strategies do not necessarily strengthen each 
other. Design research could help to find the synergies 
and to design integrated spatial propositions.
Further research is also necessary on how these strat-
egies work out at different scales, such as the regional, 
metropolitan, city, urban precinct and neighbourhood 
levels. How does a nested system of sustainability options 
work and how are the components at each scale related 
to each other? It is easy to calculate the metabolism for 
one flow at one scale, but how do several flows at several 
scales match, or work against each other? How to prevent 
problems to be passed on to other areas or to the future?
Finally, it would make sense to conduct new research 
on how truly anti-fragile urban environments can be 
designed. Which spatial interventions are capable of cre-
ating an area that will improve under threat of unprec-
edented change?
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